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Claims 



1. A type of excimer laser device characterized by the— fact 
that the excimer laser device using rare gas and halogen gas as the 
laser medium has the following means: an impurity amount 
measurement means which measures the amount of impurity gas in the 
laser medium; a controlling means which outputs signal to control 
the removal amount of the impurity gas based on the value obtained 



3 

by the impurity amount measurement means; and an impurity removal 
means which removes the impurity gas based on the aforementioned 
signal . 

2. The excimer laser device described in Claim 1 characterized 
by the fact that the amount of impurity gas is measured by 
measuring the thermal conductivity of the laser medium gas. 

3. The excimer laser device described in Claim 1 characterized 
by the fact that the amount of impurity gas is measured by 
measuring the ion electroconductivity of the laser medium gas. 

4. The excimer laser device described in Claim 1-3 
characterized by the fact, that as the impurity removal means, a 
nonionized solution is used for reaction with the impurity gas. 

Detailed explanation of the invention 

Industrial application field 

This invention pertains to a type of excimer laser device for 
which the laser gas medium is controlled. 

Prior art 

It is well known that in the conventional excimer lasers, over 
the discharge oscillation time, the laser output power falls 
gradually. The reason for the fall in the laser output power- is as 
follows: the laser medium, such as HC1, F 2 , and other halogen gas, 
is chemically active. Consequently, it may react with the discharge 
electrodes and gas container material so that it is consumed. Also 
in the laser discharge, the halogen gas may be decomposed, and 
other gases are formed due to the reaction. The impurity gas has no 
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contribution to the laser oscillation. Instead, the gas absorbs the 
laser light and causes a decrease in the laser output power. 

The prior art illustrates that in order to prevent decrease in 
the laser output power due to deterioration in the gas, the 
concentration of the halogen gas is measured, and depending on the 
measurement value signal, halogen gas is added and the impurity gas 
is exchanged. As an example, the method disclosed in Japanese Kokai 
Patent Application No. Sho 61 [1986] -251094 can be adopted. 

Problems to be solved by the invention 

In the aforementioned prior art, no consideration is given to 
the amount of the impurity gas generated in the discharge, and the 
control of the laser gas medium, based on the measurement value of 
the halogen gas concentration, cannot realize a stable laser output 
power at a high efficiency. 

The purpose of this invention is to provide a type of excimer 
laser device that can make a stable oscillation with a high laser 
output power and a high efficiency. 

Problems to be solved by the invention 

In order to fulfill the aforementioned purpose of this 
invention, the amount of the impurity gas is measured, and based on 
this amount, injection of the halogen gas and removal of the- 
impurity gas is controlled. 

This invention provides a type of excimer laser device 
characterized by the fact that the excimer laser device uses a rare 
gas and halogen gas as the laser medium and has the following 
means: an impurity amount measurement means which measures the 
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amount of impurity gas in the laser medium; a controlling means 
which outputs a signal to control the amount of the impurity gas 
removed, based on the value obtained by the impurity amount 
measurement means; and an impurity removal means which removes the 
impurity gas based on the aforementioned signal. In this case, the 
amount of the impurity gas may be measured by measuring the thermal 
conductivity of the laser medium gas. Also, the amount of the 
impurity gas may be measured by measuring the ion 
electroconductivity of the laser medium gas. Also, a nonionized 
solution that can react with the impurity gas may be used as an 
impurity removal means. 

Function 

During the laser oscillation of this excimer laser device, the 
amount of the impurity gas in the laser gas can be determined 
accurately by measuring the thermal conductivity or ion 
electroconductivity of the laser gas. Consequently, it is possible 
to know the amount of the impurity gas that has been removed. Also 
by using a nonionized solution as the impurity removal method, it 
is possible to increase the removal rate of the impurity gas. 

Application examples 

In the following discussion, an application example of— this 
invention will be explained with reference to Figures 1-3. In 
Figure 1, (1) represents the excimer laser device body; (2) 
represents the laser beam emitted from excimer laser device (1) ; 
(3) represents, an impurity amount measurement device that measures 
the amount of impurity in the laser medium gas; (4) represents a 
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controller which processes the signal from impurity amount 
measurement device (3) and outputs a control signal; (5) represents 
an impurity removal device which removes the impurity gas from the 
laser medium gas; (6) represents a solution that reacts with the 
impurity gas; (7) represents a laser gas circulating pump; (8), 
(9), (10), (11), (12) represent flow rate control valves; (13) 
represents buffer-diluted, halogen gas bottle; (14) represents 
buffer-diluted, rare gas bottle; and (15) represents a control line 
connecting controller (4) to various flow rate control valves. 

For the laser medium gas sucked from laser device (1) by 
circulating pump (7), the impurity amount is measured by the 
impurity measurement device (3), and the measurement value is sent 
to controller (4) . When the gas passed through the impurity 
measurement device has an impurity amount lower than a preset 
level, flow rate controlling valves (8) and (9) are closed and 
valve (10) is opened so that the gas is fed by circulating pump (7) 
back to laser device (1) . Conversely, when the impurity amount is 
higher than the preset level, flow rate controlling valves (8) and 
(9) are opened and valve (10) is closed so that the laser medium 
gas has the impurity gas removed by the impurity removal device 
(5), and is then fed back to laser device (1). At the same time, 
the flow rate controlling valve (11) is opened, and an amount of 
halogen gas equal to the amount of decrease in the halogen gas is 
fed from buffer-diluted, halogen gas bottle (13) to laser device 
(1) . Valve (12) is opened corresponding to this state, and the rare 
gas is fed into the laser device (1) from the buffer-diluted, rare 
gas bottle (14) . 

Figure 2 is a diagram illustrating the laser output power and 
the amount of the impurity gas generated in laser device (1) during 
the laser oscillation time. It can be seen that the laser output 
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power falls while the amount of the impurity gas rises over the 
laser oscillation time. That is, the amount of the impurity gas 
generated corresponds to the decrease in the laser output power. As 
an example, for XeCl excimer laser: HC1 is used as the halogen gas, 
while Xe is used as the rare gas. In this case, the impurity gas 
generated is CC1 4 (carbon tetrachloride) . This is the primary 
reason for the decrease in the laser output power. By removing this 
impurity gas, it is possible to recover the laser output power. 

Figure 3 is a diagram illustrating the laser output power and 
the amount of impurity versus time in the case when impurity 
removal control is carried out. It can be observed that during the 
oscillation time, the impurity amount rises and the laser output 
power falls. Then as the impurity amount reaches point a, 
controller (4) opens flow rate controlling valves (8), (9), (11) 
and closes valve (10), so that impurity removal device (5) removes 
CCl* and other impurities; at the same time the halogen gas (HC1) , 
in an amount corresponding to the amount of impurity removed, is 
injected by the buffer-diluted, halogen gas bottle (13) . Thus, the 
laser output power recovers. The same control is performed at 
points b and c, and it is possible to maintain stable laser output 
power within a prescribed range. 

A nonionized solution is contained in the impurity removal 
device (5) . The rare gases, such as Xe, Ne, He, and HC1 can pass 
through the removal device directly without reaction. On the other 
hand, CCI4 and other impurities are dissolved in the solvent- and 
are removed, in this way, only the impurities are removed, while 
the gases that contribute to laser oscillation (HC1, Xe, Ne, He) 
are not removed. 

In the aforementioned application example, the impurities in 
the laser gas can be removed almost completely in a short time. 
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Consequently, it is possible to inject the halogen gas at the same 
time as the impurities are removed. Thus, the decreased laser 
output power can be recovered. 

Effect of the invention 

According to this invention, there is a means for measuring 
the amount of the impurities. Based on the measurement result, the 
gas state in the laser device can be controlled by a controller. 
Consequently, it is possible to realize a stable laser output 
power. Also, by using a nonionized solution as the impurity removal 
device, it is possible to remove only the impurities at a high 
efficiency rate. Consequently, injection of the halogen gas can be 
controlled easily. 

Brief description of the figures 

Figure 1 is a diagram illustrating the constitution of an 
application example of this invention. Figure 2 is a diagram 
illustrating the laser output power and the impurity amount during 
the laser oscillation time. Figure 3 is a diagram illustrating the 
laser output power and the impurity amount during the laser 
oscillation time in the case when the gas control is performed. 



1 Laser device (oscillator) 

3 Impurity amount measurement device 

4 Controller 

5 Impurity removal device 
7 Gas circulating pump 

13 Buffer-diluted, halogen gas pump 

15 Control line 
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Key: 1 Laser device (oscillator) 

3 Impurity amount measurement device 

4 Controller 

5 Impurity removal device 
7 Gas circulating pump 

13 Buffer-diluted, halogen gas pump 

14 Buffer-diluted, rate gas pump 

15 Control line 
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Key: 1 Laser output, amount of impurities 

2 Amount of impurities 

3 Laser output 

4 Oscillation time 
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Key: 1 Laser output, amount of impurities 
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